The magnetic order in 2D limitation is of boundless interest not only for fundamental condensed matter studies but also as a potential candidate in numerous technological applications. [1] [2] [3] [4] [5] [6] [7] Despite the extensive family of 2D crystals, only a few exhibit intrinsic magnetic orders. [8] [9] Therefore, research has been mostly limited to the magnetic orders arising from extrinsic effects, such as vacancies, defects, edges or chemical dopants. [10] [11] [12] [13] [14] [15] An emerging 2D crystal group, namely, transition-metal thiophosphite (TMT) (MPX3; M=Fe, Ni, Mn, Cd, Zn, etc.; P=P; X=S, Se, etc.), offers possibilities because of the suitability of TMT as a platform for exploring intrinsic magnetic orders. [16] [17] [18] Different transition-metal ions in TMT accumulate different antiferromagnetic orders. FePS3 is best described by the Ising model, and MnPS3 by the isotropic Heisenberg model. 5, 16 The intrinsic degrees of electronic freedom, such as charge and spin, have been broadly explored in the last few decades in electronics and spintronics. [19] [20] [21] [22] In recent years, 3 an electron-valley freedom has drawn much attention because of its immense potential for fundamental studies on quantum concepts and next-generation electronics. [23] [24] [25] This valley freedom is predicted to couple with antiferromagnetic order in MnPS3 because of the latter's antiferromagnetic honeycomb lattice. 26 Coupling the micro-nature to the macro-phenomena renders MnPS3 an ideal playground for exploring electronic degrees of freedom. In this work, we perform a systematic optical and electronic transport study of MnPS3 in an atomically-thin level.
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In addition to identifying the crystal structure with high-resolution scanning transmission electron microscopy (HRSTEM) 2+ are arranged in a honeycomb structure, and each [Mn] 2+ is surrounded by six sulfur atoms. The zigzag direction of [Mn] 2+ is defined as the a direction, whereas the armchair direction (perpendicular to a) is defined as b. The 4 point group of monolayer MnPS3 is assigned to be 3 2 / m . 28 The threefold inverse rotation symmetry results a valley degeneracy at the corner (K point) of the hexagonal first Brillouin zone (BZ). When stacked together along the c direction ( 107.5   ), the atomic layers break the threefold inverse rotation symmetry and render the bulk MnPS3 a monoclinic structure with a point group of 2/m (Fig. 1a, right panel) . We notice that single molecular layers of Mn0.8PS3 and Cd0.8PS3 in suspension in water has been obtained by the ion exchange method. 29 However the ion exchange leads to structure factor modulations and permits access to the intrinsic properties of few-layer MnPS3 crystal. 29 Given the weak van der Waals interaction between atomic layers, the mono-and few-layered MnPS3 flakes can be mechanically exfoliated from the bulk crystal by scotch tape method. [30] [31] showing distinct optical contrasts due to light interference. To confirm the thickness of these flakes, we perform atomic force microscopy (AFM) measurement and a thickness h of 0.8 nm is obtained for one atomic layer (Fig. 1d) , which agrees well with the layer space of 0.65 nm.
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While exfoliating the bulk crystal, we find that most of (>90%) the flakes exhibit hexagonal shapes with inner angles of ~120° (Fig. 1c) . To elucidate the mechanism behind the special angle,
we compare between the selected-area electron diffraction (SAED) pattern and its defocused transmitted spot to index the edges of the exfoliated MnPS3 flakes. The MnPS3 flake is kept fixed along the c direction (Fig. 2a ) and the focus is adjusted until the real space features are visible inside the transmitted spot (Fig. 2a, inset) . The two edges forming 60° angle are indexed to be (110) and (020) according to the perpendicular relation between the reciprocal space and real space. To probe further into symmetry properties, we perform ARPR spectral measurements on a 4- well with the reported one. 41 Polarized peak at 383 cm -1 is assigned to the Ag mode, whereas the depolarized peak at 273 cm -1 is assigned to the Bg mode according to the symmetry elements of the Ag and Bg modes. [41] [42] 7
The electronic transport properties of MnPS3 flakes with thickness ranging from 2-layer to 60-layers (around50 nm) are probed. A large MnPS3 band gap of more than 3 eV disables chemical potential tuning between the conduction and valence bands by using a field effect with SiO2 or boron nitride as a dielectric layer. 3 Hence, an LG technique is applied to fabricate the EDLTs, which exhibit increased efficiency (about two orders of magnitude) in tuning the carrier density with respect to that of 300 nm-thick SiO2. 27 The high efficiency of LG enables the observation of an ambipolar conducting channel in MnPS3. The two-terminal output curves ( conducting operation of our EDLTs. When VLG varies from +4 V to −3.5 V, the channel switches from n-type "on" state to "off" state and changed to p-type "on" state with an on/off ratio more than 10 4 . The on/off ratio is comparable with the values in widely studied TMDCs. The "off" state roughly ranges from VLG=-2.7 V to VLG=2.2 V resulting in a "gap" of 4.9 V, and this value of 4.9
V is in consistence with the calculated band gap of MnPS3 crystal. 4, [43] [44] The field effect carrier Fig. 5c , we plot the charge carriers mobilities as a functions of flake thickness. The electron mobility is rather weakly dependent on flake thickness which can be ascribe to combination of three factors. Firstly, the induced charge carrier are confined on the first one or two layers of MnPS3 flakes due to the static screening effect. The confinement effect has been reported in different layered materials 27, 45 and the confined charge carriers distributions is independent on the flake thickness. Secondly, the flake thickness barely exhibits an impact on the conduction band of MnPS3 flakes as predicated by theoretical literatures. [43] [44] Thirdly, the 3D MnPS3 bulk has been demonstrated as a high resistor which exhibits a high resistivity of 10 13 cm  . [46] [47] The intrinsic layers below the biased ones contribute no parallel conducting channels to prohibit the access to the intrinsic properties to the biased one or two layers. As a contrast, the charge mobility of holes gradually increases when the MnPS3 flake get thicker and thicker, and finally saturates when the flake is thicker than five layers. LG to modify the conductance of 2D MnPS3 flakes (on/off ratio = 10 4 ) is 10 3 higher than that of light illustrating on 3D MnPS3 bulks (photo/dark ratio < 10). 46 (Fig. 6a) signals the onset of long-ranged antiferromagnetic order arising from a combination of dipoledipole anisotropy with inter planar coupling when temperature is lower than TN. 18, 32, [53] [54] When H is normal to the layers (right panel of Fig. 6d ), MA and MB make equal angles with H and the magnetic field is not changed and the // ( 0) 0 T   which agrees well with the measured results. 
METHODS

Crystal Synthesis
The MnPS3 single crystals were prepared by a chemical vapor transport method. The stoichiometric mixture of Mn, P, and S powder was sealed in an evacuated quartz tube. Plate-like single crystals can be obtained via the vapor transport growth with a temperature gradient from 650 °C to 600 °C. The composition and structure of MnPS3 single crystals were checked by X-ray diffraction and Energy-dispersive X-ray spectrometer.
TEM Characterization
The TEM samples are prepared by direct transfer from scotch tapes to 400-mesh copper grids after 
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